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(54) METHOD FOR JOINING SILICON SUBSTRATE 

(57)Abstract: 

PURPOSE: To provide a method for joining silicon substrates by which 
heat treatment can be performed at a relatively low temperature and a 
firm joining strength is obtained and, at the same time, a uniform joining 
strength and joining property can be obtained over the entire surface of 
a substrate. 

CONSTITUTION: At the time of performing hydrophilic treatment on the 
polished surfaces of two silicon substrates to be joined together after 
polishing the joining surfaces to mirror surfaces, the hydrophilic 
treatment on at least one of the silicon substrates performed in an 
atmosphere containing oxygen produced by a plasma generating device 1 
using a high-frequency power source 5, while the self-bias voltage 
across the plasma and electrode plate 4 (cathode) is adjusted to 125- 
225V, so that a plasma oxide layer containing such a sub-oxide as Si3+, 
Si2+, Si+, etc., can be formed. Thereafter, the two silicon substrates are 
joined together by directly sticking the joining surfaces which have been 
subjected to the hydrophilic treatment to each other and heat-treating 
them at 200-450° C for 5-120 minutes. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Carry out mirror polishing of each plane of composition of the silicon substrate of two sheets, and 
hydrophilization processing of each polished surface is carried out, respectively. Stick directly these planes of 
composition that carried out hydrophilization, and heat-treat this, and are the junction approach of the silicon 
substrate joined mutually, and said silicon substrate of two sheets is set to hydrophilization processing of said 
polished surface. Among said silicon substrates of two sheets, hydrophilization processing of the polished 
surface of one [ at least ] silicon substrate The junction approach of the silicon substrate characterized by 
making the oxidizing zone which has suboxide where the auto-bias electrical potential difference between the 
plasma and a cathode electrode is made into 100-250 volts form under the ambient atmosphere which contained 
oxygen using the plasma generator by the RF generator. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the junction approach of a silicon substrate 
[0002] 

[Description of the Prior Art] Conventionally, there is the wafer direct junction (W, D, B) approach as an 
approach of joining the silicon substrate of two sheets (for example, T.Abe et al:JPn, J.Appl.Phys.29(1 990) 
L2315, Shimbo A; application physics 56(1987) 373.). The interlayer by adhesives etc. does not exist in a junction 
interface, but this approach can cancel the effect by heat distortion. However, in order to obtain sufficient 
bonding strength, 800-1100 degrees C or more need to be heat-ireated. Then, in JP,3-91227,A, it is making it 
react with oxygen ion or an oxygen radical as hydrophilization processing of the polished surface of a silicon 
substrate, and making an oxidizing zone form in the plane of composition of a silicon substrate, and has joined at 
low temperature comparatively. 
[0003] 

[Problem(s) to be Solved by the Invention] However, with the approach by this official report, bonding strength is 
2 0.7 to 2.9 kgf/mm. There was a trouble that varied greatly or a plane-of-composition product rate (actual 
plane-of^composition product / total adhesion area) changed with 20 - 90%. 

[0004] The purpose of this invention is to offer the junction approach of a silicon substrate that uniform bonding 
strength and junction nature are obtained all over a substrate while it can be comparatively heat-treated at low 
temperature and obtains firm bonding strength. 
[0005] 

[Means for Solving the Problem] This invention carries out mirror polishing of each plane of composition of the 
silicon substrate of two sheets, and carries out hydrophilization processing of each polished surface, 
respectively. Stick directly these planes of composition that carried out hydrophilization, and heat-treat this, and 
are the junction approach of the silicon substrate joined mutually, and said silicon substrate of two sheets is set 
to hydrophilization processing of said polished surface. Among said silicon substrates of two sheets, 
hydrophilization processing of the polished surface of one [ at least ] silicon substrate Under the ambient 
atmosphere which contained oxygen using the plasma generator by the RF generator In the condition of having 
made it 100-250 volts, the auto-bias electrical potential difference between the plasma and a cathode electrode 
Si3+ shown in suboxide (b), i.e., drawin gjM , Si2+ shown in drawing 1 1 (c), and Si+ shown in drawing 1 1 (d) Let 
the junction approach of a silicon substrate of making the oxidizing zone which it has forming be the summary. In 
addition, in drawing 1 1 (a), it is Si02. Corresponding Si4+ is shown. 
[0006] 

[Function] Mirror polishing of each plane of composition of the silicon substrate of two sheets is carried out And 
the oxidizing zone which has suboxide where the auto-bias electrical potential difference between the plasma 
and a cathode electrode is made into 100-250 volts is formed among the silicon substrates of two sheets under 
the ambient atmosphere which contained oxygen in hydrophilization processing of the polished surface of one 
. at least ] silicon substrate using the plasma generator by the RF generator. Many uncombined hands of the 
silicon which works effectively in a junction interface by the oxidizing zone which has this suboxide are formed. 
.0007] Then, it is directly stuck to these planes of composition that carried out hydrophilization, they heat-treat, 
and the silicon substrate of two sheets is joined mutually. At this time, the consistency of hydrogen bond 
)ecomes high, it can change with the junction interface by the oxidizing zone which has suboxide having many 
iilanol groups (Si-OH) from hydrogen bond to the covalent bond of Si-O-Si at low temperature comparatively, 



ittp:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eiie BEST AVAILABLE COPY 



2006/05/09 



JP.05-082404.A [DETAILED DESCRIPTION] 



2/5 s<— V 



and high bond strength is obtained also at low temperature. 
[0008] 

[Example] Hereafter, one example which materialized this invention is explained according to a drawing. The 
plasma generator 1 is shown in drawing 1 . 

[0009] Into the chamber 2, opposite arrangement of the electrode plates 3 and 4 of a pair is carried out up and 
down. The upper electrode plate 3 is grounded, serves as an anode electrode, and RF generator 5 is connected 
to the lower electrode plate 4, and it serves as a cathode electrode. Moreover, while a gas inlet 6 and gas 
exhaust 7 are established in a chamber 2 and oxygen gas is introduced from a gas inlet 6, the gas in a chamber 2 
is extracted with the exhaust air pump 8 from gas exhaust 7, and the highest ultimate vacuum can be set to 1Pa 
or less. And oxygen gas is introduced in a chamber 2 from a gas inlet 6, and it has this two-electrodes plate 3 
and structure which the plasma of oxygen gas generates among four. A silicon substrate 9 is arranged on the 
lower electrode plate 4, and it is installed in the so-called cathode couples condition that the silicon substrate 9 
countered the electrode plate 3. In this condition, the inside of a chamber 2 is set to 1Pa or less by vacuum 
suction, from that blasting-fumes inlet 6, oxygen gas is introduced and a lifting and the oxygen plasma generate 
discharge between the electrode plate 3 and 4 with the power of RF generator 5. 

[0010] Next as shown in drawing 2 , the junction process in the case of joining the 1st silicon substrate 10 and 
2nd silicon substrate 1 1 is explained. First, one [ at least ] field performs for example, 1,1 and 1 trichloroethane 
boiling, acetone ultrasonic cleaning, and pure-water washing one by one, and fully washes the 1st silicon 
substrate 10 and 2nd silicon substrate 11 by which mirror polishing was carried out Then, the mixed liquor of 
HF:H2 0=1:20 removes the natural oxidation film. Then, in the chamber 2 in the plasma generator 1 shown in 
drawing 1 , the field where mirror polishing of the 1st silicon substrate 10 was carried out is turned upward, and 
is installed. 

[0011] And vacuum suction of the inside of a chamber 2 is carried out, it is made 1Pa or less, oxygen gas is 
introduced from a gas inlet 6, and a lifting and the oxygen plasma are generated for discharge between the 
electrode plate 3 and 4 with the power of RF generator 5. The gas pressure at this time is 1-25Pa, and 
discharge power is 50 - 300 W/m2. It is made extent Moreover, auto-bias potential produced between the 
plasma generating field 13 and the lower electrode plate (cathode) 4 is made into 125-225 volts. By this, the 
front face of the 1st silicon substrate 10 will be exposed to the oxygen plasma, and the plasma oxidation layer 
1 2 will be formed in a front face. 

[0012] At this time, an oxygen radical (oxygen which attached subscript * by drawing 1 ), or oxygen ion (O+ 
shows by drawing 1 ) exists in the oxygen plasma, and since these are in an activity condition chemically, 
oxidation reaction is easily advanced also in ordinary temperature. Furthermore, since it is arranged in the state 
of a cathode couple as mentioned above, oxygen ion tends to reach on the 1st silicon substrate 10, therefore 
the 1st silicon substrate 10 promotes oxidation reaction. Moreover, the 1st silicon substrate 10 which faced the 
plasma generating field 13 is only a top face, and does not have the plasma damage to an inferior surface of 
tongue. Furthermore, since it is processing in ordinary temperature, even if the component is formed in the 
inferior surface of tongue which does not oxidize, degradation of a component property is not drawn. 
[0013] On the other hand, an oxide film 14 is formed in the mirror-polishing side of the 2nd silicon substrate 11 
by approaches, such as well-known thermal oxidation, chemical vapor deposition, a spatter, and vacuum 
evaporationo. Furthermore, H2 S04-H2 02 Chemical cleaning immersed at 80 degrees C or more of solution 
temperature into mixed liquor is performed. 

[0014] And the 1st silicon substrate 10 in which the plasma oxidation layer 12 was formed, and the 2nd silicon 
substrate 11 which has the oxide film 14 formed by the predetermined approach are washed in pure water, 
desiccation by desiccation nitrogen etc. is performed, and the water molecular weight which sticks to the front 
face of silicon substrates 10 and 11 is controlled. Then, as shown in drawing 2 , the 14th page comrade of an 
oxide film of a field and the 2nd silicon substrate 11 in which the plasma oxidation layer 12 of the 1st silicon 
substrate 10 was formed is stuck. This pastes up the silicon substrates 10 and 1 1 of two sheets by the 
hydrogen bond of the water molecule which stuck to the silanol group and front face which were formed in the 
front face. Furthermore, these pasted-up silicon substrates 10 and 11 are dried in a vacuum 10Pa or less. In 
order to compensate the curvature of silicon substrates 1 0 and 1 1 at this time, it is 30 gf/cm2. The above load 
may be impressed. 

[0015] Furthermore, as shown in drawin g 3 , the silicon substrates 10 and 11 in this adhesion condition are 
arranged in a chamber 15. This chamber 15 can carry out now 10Pa or less of ultimate vacuums with the 
exhaust air pump 16. And the heater 17 in a chamber 15 performs 200-450 degrees C and heat treatment of 5 - 
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120-minute maintenance, extracting the superfluous water molecule which exists in the adhesion interface of 
silicon substrates 10 and 11, and silicon substrates 10 and 11 are joined. 

[0016] When forming the plasma oxidation layer 12 by oxygen plasma treatment here with the equipment shown 
in drawing 1 like this example, it is possible to change the auto-bias potential produced between the plasma 
generating field 13 and the lower electrode plate (cathode) 4 by changing especially discharge power and gas 
pressure. Then, various discharge power, gas pressure, and processing times were changed, plasma oxidation 
processing was performed, and the plasma oxidation layer 12 was formed on the 1st silicon substrate 10. 
Furthermore, the bore diameter formed in drawing 4 and the 2nd silicon substrate 1 1 as shown in 5 the through 
hole 18 which is 1mm in 3mm pitch, and joined such the 2nd silicon substrate 11 and 1st silicon substrate 10 to 
them through the plasma oxidation layer 12. The dicing cut of the 1st silicon substrate 10 and 2nd silicon 
substrate 11 was carried out after junction in the location of a broken line shown in drawing 4 and 5. And 
pressure-proofing by applying a pressure through a through tube 18 with the junction nature of both the 
substrates 10 and 11 to each of that chip was measured. 

[0017] The result is shown in Table 1. In addition, in Table 1, the rate of junction and pressure-proofing were 
considered and evaluated as a judgment O was attached to the practically desirable thing and x was attached to 
the not practically desirable thing. 

[0018] It turns out that junction nature with the good time of bias potentials being 125V-225V is shown as 
shown in this table, and it has big bonding strength. Bias potential is not stabilized by discharge less than 
[ 100V ] or more than 500V, but a process stops however, realizing for this reason. 
[0019] 
[Table 1] 
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[0020] Next, the plasma oxidation layer 1 2 which formed by performing plasma oxidation processing with various 
bias potentials was measured by XPS (X-ray photoelectron spectroscopy). The result is shown in drawing 6 . As 
shown in this drawing, the Si2p photoelectron spectrum of the outermost surface of the plasma oxidation layer 
12 is changing by changing bias potential. Especially as for the thing (400V, 500V) which has high bias potential, 
it turns out that Si4+ (it is equivalent to Si02) is high, and oxidation is progressing. Moreover, what has high bias 
potential (400V, 500V) is also understood that relative oxide-film thickness is thick from the ratio of Si4+ and 
SiO (metal). On the other hand, 2p peak of silicon has shifted to a side with energy lower than 103.4eV what has 
as low bias potential as 125V and 225V, the outermost surface of the plasma oxidation layer 12 has much 
suboxide, such as Si3+ and Si2+, and a certain thing understands it. 

[0021] Moreover, Si (Si4+) oxidized thermally expands to one 2.2 times the volume of this. For this reason, as 
shown in drawing 7 , while some Si atoms have not oxidized, the inside of an oxide film is diffused, or as shown in 
drawing 8 , non-oxidized Si atom carries out substrate diffusion as between [ Si ] grids. Moreover, as shown in 
drawing 9 , the vacancy in a silicon substrate is Si02. It is thought that it is consumed by the interface or the 
point defect by the oxygen defect in the plasma oxidation layer 1 2, oxidation non-constructing a bridge, etc. 
becomes easy to exist For this reason, it becomes easy to generate a dangling bond, dimer bond, etc. Like this, 
the mechanism above-mentioned [ also carrying out plasma oxidation ] arises, and what many oxidation kinds 
which can turn into active species also at low temperature are generating is presumed. For this reason, the thing 
and the 2nd silicon substrate 11 which formed the plasma oxidation layer 12 of the 1st silicon substrate 10 with 
low bias potential are effectively joined, even if 450 degree-Cx2hr extent is low temperature comparatively. 
Moreover, also in a compressive test, since firm junction is made, reinforcement is presumed to be a strong 
thing. 

[0022] Next, the semi-conductor type pressure sensor which applied this invention using drawing 10 is explained. 
Drawing 10 is structural drawing showing an example of the semi-conductor type pressure sensor manufactured 
with the application of the junction approach of an example. This pressure sensor consists of the 1st silicon 
substrate 19 as the detection section, and the 2nd silicon substrate 20 as a plinth, p mold diffusion layer 21 is 
formed in the top face of the 1st silicon substrate 19 of n mold, and the diffusion strain gage is made. Moreover, 
a protective coat 22 is formed in the top face of the 1st silicon substrate 19, the contact holes 23 and 24 for 
taking p mold diffusion layer 21 and electrical installation to this protective coat 22 are formed, and electrodes 
25 and 26 are wired in contact holes 23 and 24. Furthermore, a crevice 27 is formed by well-known approaches, 
such as anisotropic etching for example, by the alkali solution, or isotropic etching by ******, and diaphram 28 is 
processed on the inferior surface of tongue of the 1st silicon substrate 19. On the other hand, the pressure 
installation hole 29 is arranged by the 2nd silicon substrate 20 as a plinth. 

[0023] And mirror polishing of the inferior surface of tongue of the 1st silicon substrate 19 which performed 
above-mentioned predetermined component formation and processing processing, and the top face of the 2nd 
silicon substrate 20 used as a plinth is carried out. The plasma oxidation layer 30 is formed in the inferior 
surface of tongue of this 1st silicon substrate 19 by which mirror polishing was carried out. Moreover, an oxide 
film 31 is formed in the mirror-polishing side of the 2nd silicon substrate 20, and it is H2 S04-H2 02 further. 
Chemical cleaning immersed at 80 degrees C or more of solution temperature into mixed liquor is performed. And 
the 1st silicon substrate 19 in which the plasma oxidation layer 30 was formed, and the 2nd silicon substrate 20 
which has the oxide film 31 formed by the predetermined approach are washed in pure water, desiccation by 
desiccation nitrogen etc. is performed, and the water molecular weight which sticks to a substrate front face 
(the fields to join) is controlled. Then, alignment of the diaphram 28 of the 1st silicon substrate 19 and the 
pressure installation hole 29 of the 2nd silicon substrate 20 is carried out to the plasma oxidation layer 30 
through an oxide film 31, and it joins. 

[0024] Thus, the manufactured pressure sensor has joined the 1st silicon substrate 19 and 2nd silicon substrate 
20 after component formation of a diffusion layer 21, an electrode 25, and 26 grades. Therefore, since heat 
treatment by elevated temperature like before is not needed in the time of this junction process in order to 
obtain bonding strength high as a sensor for high pressures as mentioned above, it does not change or 
deteriorate according to the elevated temperature of heat treatment of the component property of the above- 
mentioned component section. Moreover, since it is not necessary to put the protective coat for acid-proof 
solutions on a component forming face specially and since it is not immersed into an acidic solution like before in 
hydrophilization processing of a plane of composition, and the usual process can also perform component 
formation, there is no need, such as an increment in a routing counter or modification of a process. 
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[0025] Moreover, the plasma oxidation layer 30 of the 1st silicon substrate 19 and the same plasma oxidation 
layer may be formed in the plane of composition of the 2nd silicon substrate 20, without forming an oxide film 31. 
However, when plasma oxidation of the field of the sides to join of the 1st silicon substrate 19 and the 2nd 
silicon substrate 20 is carried out, it turns out that it is easy to generate a void etc. in an interface. However, 
since firm junction is acquired, the 1st silicon substrate 19 and 2nd silicon substrate 20 can unify it, without 
through [ with the same ingredient ] interiayers, such as adhesives, moreover. For this reason, it is chemically 
stable and the temperature drift by the difference of a coefficient of thermal expansion does not pose a problem. 

[0026] Thus, in this example, mirror polishing of each plane of composition of the silicon substrates 10 and 11 of 
two sheets is carried out In case hydrophilization processing of each polished surface is carried out, 
respectively, among the silicon substrates 10 and 11 of two sheets hydrophilization processing of the polished 
surface of one [ at least ] silicon substrate Under the ambient atmosphere which contained oxygen using the 
plasma generator 1 by RF generator 5 the condition of having made the auto-bias electrical potential difference 
between the plasma and the electrode plate 4 (cathode electrode) into 100-250 volts — Si3+, Si2+, and Si+ etc. 
— it carried out as [ make / the plasma oxidation layer 12 which has suboxide / form ]. Then, these planes of 
composition that carried out hydrophilization were stuck directly, this was heat-treated, and the silicon 
substrates 10 and 11 of two sheets were joined mutually. That is, it is immersed into an acidic solution (H2 
S04/H2 02), and a plane of composition is not made into a hydrophilic property, but make a plane of 
composition react with oxygen ion or an oxygen radical, the plasma oxidation layer 12 is made to form, it 
considers as a hydrophilic property, and much suboxide, such as Si3+ and Si2+, is made to generate as a plasma 
oxidation layer 12. That is, the hydrogen bond force improves or many uncombined hands which the number of 
the silanol groups (Si-OH) per unit area increases in a junction interface by the suboxide in this plasma oxidation 
layer 1 2, and work effective in junction are formed. Consequently, since the consistency of hydrogen bond also 
becomes high and it can change from hydrogen bond to the covalent bond of Si-O-Si at low temperature 
comparatively, high bonding strength is obtained also at low temperature. Furthermore, since it was effectively 
joinable on the whole surface, when variation on the strength could also be reduced and it measured with the 
XPS analysis method, especially junction was good although the front face had much Si2+ and Si3+ in suboxide. 
[0027] Thus, while being able to heat-treat at low temperature (less than [ 450 degree-Cx2 hour ]) 
comparatively and obtaining firm bonding strength, uniform bonding strength and junction nature are obtained all 
over a substrate. Moreover, without damaging the component section, even if it is the component which wired 
aluminum etc., other silicon substrates and direct junction are attained and high-reliability can be secured. 
[0028] In addition, this invention is not limited to the above-mentioned example, and the auto-bias electrical 
potential difference between the plasma in a plasma generator and cathode electrodes according [ for example, ] 
to an RF generator should just be 100-250 volts. 
[0029] 

[Effect of the Invention] As explained in full detail above, while according to this invention being able to heat- 
treat at low temperature comparatively and obtaining firm bonding strength, the outstanding effectiveness from 
which uniform bonding strength and junction nature are obtained all over a wafer is demonstrated. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 -This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g J.] It is drawing showing a plasma generator. 

[Drawin g 2] It is drawing showing the 1st and 2nd silicon substrates. 

[Drawin g^] It is drawing showing vacuum junction equipment 

[Drawing^] It is drawing showing the silicon substrate for a trial. 

[ Drawing 5 1 It is the A-A sectional view of drawin g 4 . 

[Drawin gjj] It is drawing showing the measurement result by XPS. 

[Drawin g 7] It is drawing for explaining the structure of silicon. 

[Drawing 8] It is drawing for explaining the structure of silicon. 

[Drawingjj] It is drawing for explaining the structure of silicon. 

[Drawing JO] It is a sectional view when materializing this invention to a pressure sensor. 
[Drawin g 11] It is drawing for explaining suboxide. 
[Description of Notations] 

I Plasma Generator 

4 Electrode Plate (Cathode Electrode) 

5 RF Generator 

10 1st Silicon Substrate 

I I 2nd Silicon Substrate 

1 2 Plasma Oxidation Layer 
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[0003] 

[5g93**«?ifeb«i:5frsSSJ£] Lj1»U £©&f8fc<k 
S^feTtt. &&HS*10. 7~2. Qksf/mm 1 
<tf6tH>&9. g-&ffig[t!l-& (^IS©S-&ffi8t/^» 
«®ffi) **2 0~9 O^t^-fbL-fcOTSraB^JBo 

[0004] n©§89i©sfi«)tt. jt&wffia-cin&ffis 
d$t*«sft-r« c t k 

[0 00 5] 

[RHSfPftTS&ftro^Sa £©5£9I«» 2tt©->U 

3>^©«<nb«bhw»u &5FBH£*-n^n 
aMeffiaau £©g*fl;U;fc&'&ffiH±&i68e^ 
u cn*iD*MaabTitigB2tt©5/U3>s<s**5 
cs&ts -> u 3 >*&©^&^-c» -3 t, suewe 

®OS*fl;jByifc*<r»T. S&fE2#©->U3>g«©5 
64>fc< i fe— 3&©*«J 3 >£«©efJgffi©&7Mfc$!!S 



(2) 4#i8¥5-82404 

2 

S/t-f 7*mjBEfc 1 0 0~2 5 OJfOPhfcbfcttl&fc 
T, t^***^ H. W6. HI 1 (b) IC^TS 
!»♦, HI 1 (c) \Z^tS HI 1 (d) fcjjVf 
Si* S^TT?)K<l:S€^3-a:-6v'»J3>S«©»& 
#&&■?-©©© fT*. Si. Hll (a) ICttSiOi 

[0 0 0 6] 

hwsi 2 tt© ij 3 >s«©*s^m*i®swjgsn 
jo ©->U3>s«©w«ffi©«*^t5aa»c^viT, sEtt 
stft, -/9XTt*v-H«at©iaioea't-i'7x 

1 0 0-2 5 O^f-fcLfcttSSlCT, 

u 3 >©*&&gw< jngsns. 
[00073 •€■©&, r©^7Kfl;bfc&&BK±*«Tit« 
jraifeMauT2«©5/'j3>s«*«ffiscss 

20 £Z&&ftm\Z*s7 /-JVB (S i -OH) *t#V^£ 
*t£*6S i -O-S i Oft*1tfrCSff7t*. 
[0 0 0 8] 

K«t>T«WT*. H 1 \Z\f7?X-?9£±&m 1 

■r. 

[0 0 0 9] ft>/t2rtl:B-»©ttt«3 I 4*»± 
Tfc2frRjfiEHcF$VCV*5. ±<ffl©«ffi«3HT-XSn 
30 7/-F^ffi£ftD> T«©*ffi«4Ka««tt«R5 

»;tt?!f xaixp 6 t#*#mp 7 ijwsttsn, jizm 
7*6 flsft^ > 7 8 c * o ? 2 ©#xasst*>n 

TSKillSS^SS 1 P aKTfcTSC tdtT^S. * 
LT» ^X*AP6A>6KS^*^>/ , l2rtfc3IA 
^©W«affi3, 4Wt*^TSIR^X©y5X 
^X£-T«MiB&ft'9TV»9. Tfi3©«ffi«4±lCtt 
->U3>«iR9diES$n. ->U3>S«9**«ffi«3 

n^. £©#38-7. ?*>A2l*3fcll£3l£fc«fc9 1 P 
a^TtCL. -5-©&#*3IAP6«fcDe3i:!tfX£»A 
U »«tt«iR5©«*fc±oTmffi«3, 4MfcSS 

[ooio] H2tc^-r«fc5ir, mi ©->'J3> 

S«l 0£S2©->'J3>««1 lSS^1-«^&©ft 

jgsn&m i ©->u 3 >ss i o t» 2 ©«>y 3 >ss 

1 1£S. 09Atfl -1-1 h>Ji'nDX^>i^. 7 
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(3) 

3 

*•©&> HF : Ht 0=1 : 2 0(Dg^fc«t 
[0 0 11] -tUT, ^V>/^2l*iSS^gi^bTl P 

»«®5CDa*K:j:oTma«3. Amiz&m^&z. 

U K9R^Xv«X^««. £©Hf©#X£ttl~ 
2 5Pa, »Sa*tt5 0~3 0 OW/m 1 g^Cf 

H) 4®Bi:iC5iB/H7XH4Sl 2 5~2 2 5 
#»HCf-5. JintCkD. SSl©->U3>g«l 0© 

[0 0 12] C©i£, ffiSS^Xv^Clie^^i?* 
(Hi TO* T^f) a*#«U cnettfl;3*WfcS§& 
■S-Sn*. 3 ^IC. f lCD->U3>Sfil OBLhffi©«fc 

*>ttSfii<D->U3>gffii o±fcsusb^-r<. ■?■© 

[0 0 13] -ft. S2©->"j3>»tSl l©»BWe 
Sl^cD*SlcJ:Di6ft;ilSl4&^fi&r-5. H 

f SO4 -h, 01 s-&sE4>icati8 ox:K±T?sa-r 30 

[0 0 1 43 -ett, ^X^KfcJSl 2£fi?/£Lfcfg 
1 o->U 3 lOi, BBfeo*feT^(fibfce(bK 
14SWT-5S20>'U3>S«1 ItS. l«*flCT 

0, 1 1 ©a®i:K«-r-57K»?s*«ii9-r<5. *■© 

H2ic^-r«t5fc. ^l©^'Ja>a«l o©y^ 

XVRftfl 2£?§5j£L&ffii|g2©->U3>£«l 1 
©K-ffcKl 4B^*ffi«3s^S. Utiles D, 2#© 

u 3 >s« 10, 11 \tmm tzf»titawti'3 j -n> 



#^¥5 -8 24 04 

4 

•5. 3 SC. C©ft»bfc^U3>S«l OJttfl IS 
1 OP a&T©a£+fcTt£i&£l**. £©££, S"J 
3>S«1 02itfl l©£0S*i<rr 30gf 
/cm 1 £| k©#fi£BlftlLTt>«fcV>. 

[0 0 1 5] 3e.lt, H3»C^r«fc3K, £©&g!(*J& 
fc**->U3>S«l ORtfl l&^^/U 5l*3fcE 

H-r-s. roftwn 5ttiM#>7i sic J: on 

1 0 P a&TTS -Si? fc&^TV* 

<b. -euT, s"j3>a«io. 1 i©^*®fc??« 

1 7fc<fc0 2 0 0-4 5 01C, 5~1 2 0##8©jS&$3 

a*ffv». ->U3>s«io, n 

[0 0 16] *HJfi«©±5lCHHC*-rSE« 
TBt^^XvSZlSfciD^Xvil^Sl 2S»fitT 

xt»4«i siTflotw (*y-w 4 co fan 

HT^yX^SLtoSm^m^ JBl©->U3>g«l 0 
-kfc^XvefcB 1 2 £j£j*L,fc. 04, 5 

\Z7fCf J: 5 fcS 2 ©-> U 3 1 1 iC^gj^ 1 mn©S 

3>S«1 1 1 ©•> 'J 3 >SK 1 0 t « 

fcBl 2S^UTft^*ff-3fc. 8£&fcSSl©->U3 

0t»2O'>U3>Sfil 1S04, 
fiMS©fl:iST?^-f-»y*y hbfc. -ebT, ■£©£•?• 
y^KSfLMSfcl 0. 1 lOft^tti, IM18S 

[0 0 1 7] Sll^f. fSj, Sl»C;}3V> 

<ftV>fc©fcttX£#ttfc. 

[0 0 18] £©S*>6#a>*<fc5lcA*< :rxm&a*i 

2 5V~2 2 5VOitfi»!S8^tS7SU 

1 0 0 VRTffe 5 0 0 VfiLbT? 
■fs £©fcfc7n-fe*jWS0£fcfc<&£. 
[00 19] 
CSl] 
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(4) 



#^¥5-8 2 4 04 



No 


(W) 


(Pa) 


mm 

(#) 




(%> 


ms. 

(kg/co 4 ) 


£I5g 


1 


6 0 


1 2 


1 0 


1 2 5 


7 4. 1 


3 2. 6 


O 


2 


8 0 


1 2 


1 0 


1 7 0 


7 0 


2 7. 8 


O 


3 


1 0 0 


1 2 


1 0 


2 2 5 


9 5.7 


3 6. 1 


O 


4 


2 0 0 


1 2 


1 0 


5 0 0 


6 


1 0. 1 


X 


5 


1 0 0 


8 


1 0 


3 1 0 


1 1. 2 


IETF 


X 


6 


1 0 0 


6 


1 0 


4 0 0 


8 


8. 0 


X 


7 


1 0 0 


4. 7 


1 0 


4 2 5 


0 


0 


X 


8 


1 0 0 


1 2 


6 


2 2 5 


B 5 


2 6 0 


O 



[0 0 2 0] 'AlZ. «*©A*-f TXSttT^^Xveft; 
&JS£fTfc^fifcbfc?7XTKfcJgl 2SXPS (X 

mytm^ftytm ickosteufc. -?-©£*£, 06 in 
its dt-c. r/^X-r&fl:© i 2©g^a©s ii.fts 

Hfc© (4 0 0 V, 5 0 0V) tt, S 1«* (S i Oi \Z 

X. A--f7*e<fc**iSV>*>© (4 0 0 V, 5 0 40 

ov) a. si^tsi' ot^ju otfc^e.ffi^«j 

7Xfffi*U2 5V, 2 2 5 VifiVifeCtt, y'j3> 
<O2ptf-i'*U0 3. 4eViDt>X*M- 
Wc->7hUT*0, Si'*, S i J *fc£©-tf-:7:*=HJ- 
-f FaWXvKftB 1 2 ©£S®K#< 

[o o 2 i] x, &«<fcsn;fcs i (S I**) «2. 2 



08ltj*t«k5fc:. *Kfl;©S I JgC^jW&TplH 

s i tbTSfintffi^bfco-rs. x, 09K^-r«j:5 

K. ->Un>g«*©2fH^C#S i O. #ET$ft£S 
nfc 0 . 1 2 *©R3SlfcH6-S>#3!!«&fc 

*&fc«*<#&±J5&UT^-5fc©£*£Sn-5. £©fc 
je>. glOi/'Ja >£« 1 0 OfrX^mftM 1 2 £<£ 
/Vf7Xe&-CJgj£Lfc"b©i:3l2©'>U:3>g4£l 1 
ttt. 4 5 O'CX 2 h reS©tfctfc«®®Ti&r>T<fe*r 

mzm&znz. x. WHEenc^vJTfe, ^B^-g- 

d%$nT^-5fc©trSSS*^V^©t«3g*n-5. 
[0 0 2 2] 01 0«fflHT*«K*afflLfc* 

«lit0-Ca6S. *E*-fc>tHJ, &»8B<i:LT©mi© 
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7 

2 0 bfrt>mi$.-&tlT»Z>. nSOll©yij3>StS 
-S>tftUTl»*. X* glOS'iJn^Jtttl 9©±H 

tctt«s®2 23&t?gi$sn, c©fiagog2 2fcttpgm; 

1S2 1 £mjS«)&«£i5fcJ&©:J>** h*-JW2 
3, 24ifim^tU n>?9hfr—)l'2 3, 2 4ICT 
Hffi 2 5 , 2 6 *«E«SnXV^. 3 6 fc, BlOi/ U 

J}& x 9 > 9 » * to J: 5 ^*ftx y ^ > ^ 

^©a*j©2ri£fc«koiH]®2 7dtjgfigsn, ^f7? 10 

A2 8*ItDXSnTtoS. — ^Stl/TCl205' 
U ^ 2 0 fcttff*3IA?L 2 9 #IBKSnTV>*. 
[0 0 2 3] *LT, ±S60UBK«E)#T-»JS6, iDIffiS 
£jSL£Sgl©S"J:3>£fcl 9©TBt, 
B2©>-Un>SS2 0©±®sa®5f®L,-C*<. H 
©8fflWeS tlftm 1 © > U 3 1 9 ©Tffifc^5 
Xv&fcJI3 OSJg&TS. X. 82©->U3>3S«2 

o ©&iSft«mcR<bi8 3 i tu a e k. h» 

SOi -Ht Oi Bfttltt*ttftB8 O'CfiLh-CSfc-r* 

3 0 fcJgfifcLfcJg 1 ©£/U 3 >«« 1 9 t. J5r£©#ifc 
TJMtbfcftftgS 1 S^r^2©->«J3>^«2 0 
&£M*4> fcTfti*U ««3^*fc.J:*tt»£fTto» 

TllC^'Ja^l 9CD^t75A2 8t, &2 
©-> U 3 >£« 2 0 ©fR*3JA7L 2 9 £ft@-&:b-&LT 

[0 0 2 4] C©±3tLT4!iiatlfcBE*-fe>1«i, 
MUI2 1. W2 5. 2 6^©*^^lcmi©-> 30 
'J 3 1 9 t|g 2 ©-> U 3 >S« 2 0 £££-UT to 

H©^Xg^fcfeHTflE3fe©±5 
fc»fiK:,fc*Jfcffl3*^£U*to;fc«>» ±EJfrF&© 

Efcttfcto. X, 8tfW©8*fl^aiC:&toTfi£*©«t 

X. 5KT^M£fcS#©Xgfc«fct>f?A5fc», Xg&© 
«JD**wttig©&E«©&gaiftt*. 40 

[0 0 2 5] X, H20v'Ua>SS2 0©S^H»Cl± 

KftK 3 1 *»«tt-rc» io5/U3 1 9 ©75 
XTftfcB 3 o tmmiiJjxvmikB&teis.LTh*. 

m. &fc*U »iO->Un>S«l 9t^2©<>'jn> 
S« 2 0 ©&* ©S-&-rsfi3©fflSX5XTBIfl:Ufc« 
#-f F«#*1filC»±L*rtoCi:j8«»#oTto 

«. aa^s^&ii#6n*©T?, sgi© 

-> U 3 19iS2 0i"J3 >S« 2 0 

•cL*>fc8Sfflts©+rag*^srfc-#flrcs«. c 



#R¥ 5-8 2404 

[0 0 2 6] JI©«fc3C#f£Sge9T»:. 2«©*>U3> 
M10, 1 1©#&^®£&®OT§U SBf&BS-?- 

n-en»*flrfaa-r*i6ic. 2«©v"ja>sfii o, 

1 l©3S4>fc< ifc— ;£©>■'.) 3 >£«©Sf&rBf©& 
*ftffigtt. ^SEm2g5»-«t5^7Xvf6±«SlS 
^T6ts!i*^A,S:£IBSTT, 75Xv£Sffi«4 

tty-F«D t©W©§a>Vf 7*«E£ 10 0- 

2 5 0#;PhfcUfcttffiKTS i»\ Si*\ Si* § 
©tf^+IK H £*tr*:/9XviSfl:Jg l 2 
-B-*«k5Lfc. -?-©«, £©«*ft;Lfcgp&®Ptt&te 

Sft*u cn*nns»fflauT2tt©->ua>s«i 

0. 1 l£ffi£fc££Lfc. tt^V^SttffiK 
(Hi SO« /H» O. ) *csreLTS*ftt-r-5© 

-Cttfc<> 

SJ&S-BrTX^Xv&fcJl 1 2 ft9i&3ttT&*tt&'r 
«<b©-p&lh fro, ^7X?iftil2tLTS 

s i»^©-9-^*-y-^H*^ft*dca-arit>© 

-f Hfci0S-&*SK:*WT*{tWaaft:0©->9y- 
(S i-OH) ©&##<& 0*3SS|gS;tjai|«&±L 

ft*. ^-©8*, *3g^©«St>S5<^D, JtttAMK 
ST*JH«S^fr6S I -O- S i OM^IC^ftTS 

s^«>, emTt)ii5to^^*i#6ns. ^ 

X. XPS#«fi£T?il!teLfciE3. ^tWH© 
ftrs i >+ , s i» + *tSffi»:#^t>©©^frWc^» 

[0 0 2 7] C©.fc5;cl/Tx ttttnttA (4 5 0*CX 
5ns. X> 7^5*©E»S«LfcSSi^T*oTt». 

[0028] (si, i©^»±fanjs^K:ia«an.5^ 

©Tli7i<. tfULO. iifa&@JIlcJ:5X9Xvl8^ 

BEtt 1 0 0~ 2 5 0 Jftfr hTabti«J:to. 
[0 0 2 9] 

[^W©3»*3 £l±BxBbfcJ:^tC©^M»c«kntf. 
[BM©ffiWftS»ll] 

[HI] ^Xv^^SS^rHTJBS. 

[02] SlSl^SI2©->'j3>S«^-rHT**. 

[H3] X^^BS^THTSi. 

[E4] ai*ffl©v'j3>sffi*^-rEn?*5. 

[05] 04©A-A»f®0T»^. 
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(6) 



[06] XPSfc±Sfflb££SS:jR-t-BTa>.5. 

[08] ^Un>O«ifS3iWr5S:«>©0-C*5. 
[09] ->'J3>O«|jg*SiWr-5fc«)©0-C*^. 
[010] *f§WSJEE^-fe>U-K:**ftbfct#0»rM 
0T*S. 

[011] H&KK-r*fc*CD0T?*S. 
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[06] 



&H¥5-8 24 04 




